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Disclaimers

The findings in this report are not to be construed as an official Depart-
ment of the Army position unless so designatcd by other authorized
documents.

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Govern-
ment procurement operation, the United States Government thereby incurs
no responsibility nor any obligation whatsoever; and the fact that the
Government may have formulated, furnished, or in any way supplied the
said drawings, specifications, or other data is not to be regarded by
implication or otherwise as in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission, to
manufacture, use, or sell any patented invention that may in any way be
related thereto.

Trade names cited in this report do not constitute an official endorsement
or approval of the use of such commercial hardware or software.

Disposition Instructions

Destroy this report when no longer needed. Do not return it to the
originator.
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DEPARTMENT OF THE ARMY

U. S. ARMY AVIATION MATERIEL LABORATORIES
FORT EUSTIS. VIRGINIA 23604

The possibility of improving the efficiency of the
delivery function of Army transport aircraft by the
addition of partially automated, internal cargo han-
dling equipment provides the basis for this inves-
tigation. The contractor has developed a responsive
cost/effectiveness technique of analysis which, when
tempered with qualitative considerations, 1is capa-
ble of establishing the degree of automation that

is warranted. The contractor has furthermore dem-
ongstrated that specific aircraft performing certain
typical missions can achieve increased effectiveness
at decreased cost by the addition of relatively un-
sophisticated cargo handling equipment.

This command concurs in the analytical techniques
developed and the conclusions drawn. A detailed
design study, which should be integrated as early

as possible into the design phases for future trans-
port aircraft, remains essential prior to the selec-
tion of specific cargo handling equipment. The de-
veloped analytical technique represents a signifi-
cant contribution to assist in a study of this type.
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ABSTRACT

In the first phase of the two-phase study, methodologies were developed
to (1) measure the degree of automation of a given cargo handling system
and (2) evaluate the gains and penalties resulting from automating cargo
handling functions in Army aircrait from a cost/effectiveness point of
view. Basic to the study were the effects of cargo handling equipment in
Army aircraft on aircraft payload, carg®t handling time, manning, air-
craft availability, aircraft vulnerability and costs.

Several cargo handling systems were evaluated in the second phase of
the study. These systems ranged from manual to very highly automated
and were evaluated in the CV-2, CV-7, CH-47, and a hypothetical 10-ton
STOL. Elements not affected by the cargo handling system were held
constant whenever possible.

iii



FOREWORD

This report was prepared by the Aircraft Division of Douglas Aircraft
Company, Inc., Long Beach, California, and represents the results of a
l1-man-year study conducted under Contract DA 44-177-AMC-270(T).

The study was initiated 10 May 1965 and completed 11 October 1965. Phase
I of the study effort terminated 10 August with the submission for approval
of the analytical method developed during the preceding 3 months. Follow-
ing approval of the Phase I methodology, cost and effectiveness data were

developed and several Army aircraft were evaluated in Phase II of the study.

Lt. J. A. Deacon of the U. S. Army Aviation Materiel Laboratories
(USAAVLABS) was the project officer. Mr. J. W. Wollaston, of the
Douglas Aircraft Company, Inc., was the technical director responsible
for the study. Mr. D, A. Andrastek, Systems Cost Analyst, was respon-
sible for the cost methodology and evaluation. Cargo handling data develop-
ment was under the direction of Mr. R. R. Belding, engineer specialist,
assisted by W. T. Bell, A, Miller, D. A. Eidsmore, T. W. Miner, and
A. I. Curry, all of the Support Equipment Section. Mrs. S. A. Haskins

of the Douglas Computing Services Group was responsible for the computer
programming required.

Douglas Aircraft Company, Inc., acknowledges the advice and assistance
provided by the following agencies and persons: the U. S. Army Combat
Developments Command, in particular the groups under Col. W. W,
Sunderlin and Col. R. W. Humphreys; the U. S. Army Transportation
School; Research Analysis Corporation; and the individual contributions
of Mr. J. A. Vichness and Lt. J. A. Deacon of USAAVLABS.
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SUMMARY

INTRODUCTION

The Army has a growing organic air transport capability, both fixed and
rotary wing. Operational requirements and monetary limitations cause a
pressing need for the Army to obtain the highest efficiency in the delivery
capabilities of present and future Army aircraft.

The purposes of this study are to develop means of measuring automation
per se and the gains and penaltic 5 resulting from automating cargo handling
functions in Army aircraft and then to define the approximate degree of
icargo handling system automation desirable in Army aircraft.

In this context, automation is defined as the reduction of human energy input
or human decision in a cargo handling operation or task by the addition of
equipment to an aircraft.

There are two primary effects of automating cargo handling functions in
Army aircraft:

19 Cargo handling time savings.

2. Payload degradation due to the weight of the cargo
handling equipment.

Current Army aircraft reflect the nature of the Army missions: they are
designed to carry small payloads over short distances and to operate from
forward area facilities. Since the mission radii are short, especially for
helicopters, cargo handling time is a significant part of total cycle time,
and savings in cargo handling time are significant. As the payloads trans-
ported are small, the degradation of the available aircraft payload due to
the weight of equipment added to the aircraft is likewise significant.

ANALYTICAL TECHNIQUES

The object of Phase I of this study was to develop an overall cost/effective-
ness methodology for analyzing the gains and penalties resulting from auto-
mating cargo handling inside Army aircraft.

During Phase I, four separate (but interrelated) inethodologies were
developed to measure

Ls The degree of automation represented by any given
cargo handling system (automation index).

2. The effectiveness resulting from a particular cargo
handling system having a given degree of automation.




3. The costs associated with a particular cargo
handling system.

4, The resultant cost/effectiveness of a particular
degree of automation and the general degree of
automation desirable in Army aircraft.

Automation Index

The automation index concept is a normalized measure of the degree of
automation inherent in a particular cargo handling system, against which
to relate the cost, effectiveness, and cost/effectiveness measures of that
system. The actual calculations of cost and effectiveness do not, however,
in any way depend on the automation index value. A cargo handling system
may be evaluated for a specific mission without using any automation index.

The amount or degree of automation present in a cargo handling system is
difficult to measure. The functional evaluation method adopted rates the
degree of automation of each function involved in the cargo handling proc-
ess from 0 (manual) to 6 (fully automated), then sums the rating values for
all of the functions to obtain an automation index value for the cargo han-
dling system. Weight and balance computation was not included in the auto-
mation measure because the weight and balance system is independent of
the cargo handling system.

Effectiveness

The primary quantitative measure of effectiveness in this study is the
number of aircraft required to fulfill a fixed mission requirement; namely,
the delivery of a defined cargo quantity in a given number of 12-hour operat-
ing days.

In addition to handling time savings and payload degradation, some cargo
handling systems affect aircraft availability, vulnerability, operating man-
power, and maintenance men and materials. The effects of these factors
counteract, but do not necessarily counterbalance, each other.

A number of other factors affect the evaluation, but serve only as an
evaluation framework. These framework factors may be classed as mis-
sion parameters, aircraft parameters, and cargo parameters,

As the object of the study is to evaluate the automation of cargo handling in-
side Army aircraft, those factors not determined by the degree of automa-
tion of the cargo handling system (e. g., aircraft model, cargo, environment,
and weight and balance system) are held constant whenever possible.

A number of effectiveness factors do not lend themselves to quantitative
analysis and must be viewed qualitatively. This in no way implies that these
qualitative factors are unimportant.



Cost

A total mission cost method was selected as the best cost approach for
evaluating the various configurations of automated delivery systems. Total
mission cost is defined as the cost associated with meeting a fixed mission
requirement; i.e., the delivery of a fixed quantity of cargo in a fixed time
period.

Any cost calculation for an n-year period is not applicable because neither
the entire array of missions performed over the life of the aircraft nor
the frequency of each different mission is known. Mission cost, a lower
level costing approach, best described those elements of cost affected by
automating cargo handling inside Army aircraft.

Stated in equation form,

Delivery Delivery Cost of
Total System System Replacing
Mission = Investment + Operating + Lost Aircraft
Cost Cost per Cost per per

Mission Mission Mission

Each delivery system will have a unique total mission cost associated with
each mission it is assigned to perform.

Because of the narrow scope of the problem, detailed cost categories were
required in order to measure adequately the costs attributable to increased
automation of cargo handling functions. Consequently, the calculation of
total missi n cost involved costs per flight hour, per ground hour, per ton
loaded, and per operating day.

The average number of operating aircraft, tons transported, aircraft lost,
ground hours, and flight hours per operating airc.aft are inputs from the
effectiveness analysis to the cost analysis.

Integration of Cost and Effectiveness

The integration of cost and effectiveness is complicated by the fact that
either or both may be increasing or decreasing as the degree of automation
increases. For this reason, no approach based on ratios is advisable, al-
though some reasonable relationship between cost and effectiveness is

required.

Two approaches were utilized in this study: (1) trend analysis plots and
(2) rate of return plots. The first involves simply plotting both cost and
effectiveness against the automation index, or measure of the degree of
automation of each cargo handling system. These plots permit observa-
tion of the absolute cost and effectiveness trends as the degree of cargo
handling system automation is increased from manual to fully automated.

3



The second means selected was to express the differences in cost and
effectiveness between automated systems and the manual base case as
percentage changes from the manual case values and to plot these per-
centage changes as a function of the percentage increase in automation
index. The percentage change could be either positive or negative, and
may be displayed graphically. In addition to establishing the approximate
optimum range of cargo handling system automation, this technique per-
mitted the analyst to observe rates of change, plateaus, and inflection
areas.

The overall flow of the analysis is shown in Figure 1.

MISSION DESCRIPTION

, I 3

;5 >
AIRCRAFT CARGO coST
PARAMETERS I PARAMETERS PARAMETERS
! -
y > @
EFFECTIVENESS ANALYSIS | 0 COST ANALYSIS
v
INTEGRATION
AUTOMATION |. |
INDEX ' OF 4 '
EFFECTIVENESS AND COST

4

CCNCLUSIONS
AND
RECOMMENDATIONS

Figure 1. Flow Analysis

DATA DEVELOPMENT

The objective of Phase II of this study was to evaluate the effectiveness

and cost of automated cargo handling systems by using techniques developed

in Phase I. The evaluation required developing data in the areas of mis-
sions, combat environment, aircraft factors, cargo handling systems,
cargo loads, cargo handling time, aircraft costs, and cargo handling
system costs.
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Six cargo handling systems were chosen from thirteen consiuered. The
automation index for each of the six systems for each cargo type was de-
termined by using the functional evaluation method developed during Phase 1
of the study. The systems ranged from completely manual to very highly
automated. The systems evaluated were (see Figure 2):

1. A bare aircraft with a wheeled pry bar and
plywood shoring.

2, Friction reducing Nylatron rub strips with
a winch,

34 Skate wheel conveyors with buffer boards and
a winch.

4, Roller conveyors, guide rails (with integral

pallet latches), specialized cargo platforms,
and a winch.

5 Roller conveyors, guide rails (without latches),
specialized cargo platforms, and a carwash-
type chain in the aircraft floor which provides
for cargo movement and restraint in forward
and aft directions.

6. A full-floor-wiclth, powered conveyor belt with
an automatic overhead cargo net restraint system.

Each system was supported with adequate preliminary design analysis to
allow estimation of the weights and costs of the system.

The six systems selected were each evaluated in four aircraft. Three are
current aircraft (CV-2, CV-7, and CH-47) and one is a hypothetical 10-ton
STOL.

Data developed for the four aircraft evaluated included: flight times, fuel
consumption, payload/radius, availability, refueling rate, fuel capacity,
cargo compartment dimensions, and restraint factors.

The criterion for evaluation was the performance of hypothetical missions.
Mission A was the deployment of the Airmobile Division and daily re-
supply of an Air Assault Division. Mission B was the daily resupply of the
forward elements of a ROAD Infantry Division. Supplies were delivered by
landing and unloading (airland) and by airdrop. The cargo for the missions
included vehicles, troops, palletized supplies, bulk supplies, and petroleum,
oil, and lubricants (POL). Each mission required the delivery of a fixed
cargo quantity in a fixed time period.
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To allow accurate predictions of cargo handling time with each system,
specific type-loads were developed for each aircraft. As cargo handling
system weight increased, cargo was removed from the load in order to
evaluate the effect of cargo handling system weight on the aircraft effec-
tiveness. This assumption is conservative in that it assumes that every
aircraft will be grossed out whenever it is not volume limited.

Cargo handling time was analyzed by using the loads defined for a particular
aircraft. The method used estimated the time required to perform each
function involved in loading, restraint, and unloading; manpower require-
ments; and the effect of functions performed concurrently by different crew
members.

Mission costs, comprised of investment, operating, and loss costs, were
developed for all cargo delivery systems analyzed. The initial investment
cost of each of the four aircraft consisted of its flyaway cost and initial
support cost. For the six cargo handling systems, an investment cost was
developed, comprised of research and development costs (when applicable),
unit (flyaway) cost, and initial support cost. Operating costs for each cargo
delivery system (aircraft plus cargo handling system) were developed, the
cost being a composite total of operating costs based on flight hours, ground
hours, tons of cargo lcaded, and operating days per mission. The total loss
cost per mission was calculated based upon the replacement cost of cargo
delivery systems downed and not repairable.

Two methods of computing weight and balance were evaluated: manual and
automated. Manual weight and balance involves completely manual effort,
and therefore no weight penalty or investment cost is accrued. The auto-
mated weight and balance system had weight and investment cost penalties
due to the sensors in the landing gear, computer, and gauges added to the
aircraft, Figure 3 shows the breadth and depth of the evaluation

RESULTS

No quantitative effectiveness gains or cost savings were found to result
from automating cargo handling functions in the CV-2.

For airland resupply, the primary Army aircraft mission, effectiveness
decreased exponentially to a maximum penalty of almost 30 percent* for
system 6 in Figure 2. Cost increased almost linearly to about a 30-per-
cent penalty for system 6.

*All percentage changes noted in this section are relative to the effective-
ness or cost of system 1, the manual base case system, in Figure 2.
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To airdrop from the CV-2, some system is required to reduce floor fric-
Systems similar to systems 3 and 4 in

tion and to provide side guidance.

Figure 2 will allow airdrop from the CV-2 and will result in effectiveness
penalties from 2 percent to 3 percent and cost increases of 3 percent to

11 percent.

The addition of cargo handling equipment to the CV-2 has a negligible effect
on cost and effectiveness for the deployment mission, as the aircraft is
often volume limited, except for system 6 where 15-percent penalties accrue.

Effectiveness gains and cost savings are possible from automating cargo
handling functions in the CV-7, the former over a relatively wide automa-
tion range and the latter only at low degrees of automation.




For airland resupply, effectiveness gains ranging from 3 percent to a
maximum of 10 percent are possible. The lower effectiveness increases
have corresponding cost savings of up to 5 percent. Either negligible cost
savings or cost penalties ranging from 1 percent to 8 percent accompany

the maximum effectiveness gains. Effectiveness and cost deteriorate sig-
nificantly for very highly automated systems, effectiveness decreasing as
much as 15 percent and cost increasing as much as 33 percent. Systems

2, 3. and 4 in Figure 2 lie near the optimum automation range for the CV-7,

Systems similar to 3 and 4 are capable of airdrop.

For the deployment mission, cost and effectiveness are essentially un-
affected by the cargo handling system installed in the CV-7, except at very
high degrees of automation (system 6) where 17- to 19-percent penalties
were evidenced.

For the hypothetical 10-ton STOL, both cost and effectiveness gains were
evident over wider ranges of automation than with the CV-7.

For the airland resupply missions, the maximum decrease in cost of 3 per-
cent to 6 percent was accompanied by a 7-percent to 11l-percent increase in
effectiveness; the maximum effectiveness increase of 10 percent to 14 per-
cent was accompanied by essentially neutral cost changes, ranging from a
4-percent decrease to a 3-percent increase.

System 4 was most effective and least costly for airdrop from the 10-ton
STOL.

For the deployment mission, the 10-ton STOL was not volume limited due
to its wide floor. The changes in cost and effectiveness were generally
related to the weight of the cargo handling system. Changes were minimal
except for very high degrees of automation (systems 5 and 6), where 8- to
15-percent penalties accrued.

Significant effectiveness gains and small cost savings were evidenced for
the CH-47.

Corresponding to the maximum cost savings of about 3 percent are effec-
tiveness gains of 11 percent to 14 percent for the airland resupply mission.
The effectiveness gains remain high up to very high degrees of automation.
Cost penalties never exceeded 10 percent, even for system 6.

The CH-47 was not evaluated for airdrop.

Due to the large payload of the CH-47 for the short deployment mission
radius, the aircraft wa. volume limited except at very high degrees of
automation. Consequently, cost and effectiveness are relatively independ-
ent of the cargo handling system installed in the CH-47 for this mission.




The addition of an automated weight and balance computation system to
any of the four aircraft evaluated resulted in increased effectiveness and
decreased cost.

CONCLUSIONS

Cost and effectiveness benefits are possible from automating cargo handling
functions in Army aircraft. These benefits increase as the size and/or
speed of the aircraft increases or as the mission radius decreases.

Only the minimum automation required for airdrop is justified for the CV-2
Caribou.

A system similar to the skate wheel and buffer board system appears op-
timum for the CV-7 Buffalo, the CH-47 Chinook, and the hypothetical 10-
ton STOL, in that it offers near maximum effectiveness and small cost
savings. The slight cost penalties with the roller, rails, and latches sys-
tem might be justified, depending on the place of airdrop in the Army
missions.

Vehicle loads are generally volume limited in present Army aircraft.
An automated weight and balance system is justified in all four aircraft.
The results of the study are conservative in that the aircraft were loaded

to their maximum available payload and the weight of the cargo handling
systems had its maximum detrimental effect on aircraft productivity.
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INTRODUCTION

PROBLEM STATEMENT

The need for organic transport capability by Army aircraft in support of
highly mobile combat operations is resulting in increased emphasis on high
performance delivery capabilities. Systern interrelationships involved in
the delivery of supplies and equipment by aircraft are complex and have
major effects on aircraft design and performance as well as on ground
supporting systems. Currently, air cargo handling ranges from manual
individual package handling to sophisticated, highly automated systems
(Air Force 463L type). Technology to support any desired degree of aito-
mation of the delivery function is or will shortly become available.

The Army has a growing organic air transport capability, both fixed and
rotary wing. Operational requirements and.monetary limitations cause a
pressing need for the Army to obtain the highest efficiency in the delivery
capabilities of present and future Army aircraft.

Efficiency in the delivery of cargo implies speed. The speed with which

materiel can be delivered to a given point is a function of many variables.
One of the most important of these is the speed with which the cargo han-
dling functions may be performed. There are various means of improving
the speed of cargo handling. For the purpose of this contract, these have
been called levels or degrees of #tomation. Countering any increases in

speed derived from automating carg

» handling functions are the penalties
accruing due to the weight of the cagi'y..."xar:dling equipment.

Army ALOC missions involve transpoiting small loa ™ sxer short distances
to an exact, and probably primitive, area. Current Army aircrait.reflect
the nature of the Army missions: they are designed to carry small pavloads
over short distances and to operate from forward area facilities. Since
Army mission radii are short, especially for helicopters, cargo handling
time is a significant part of the total cycle time. Savings in cargo handling
time resulting from automating cargo handling functions are accerdingly
significant. Since the payloads transported are small, the degradation of
the available aircraft payload due to the weight of any cargo handling equip-
ment added to the aircraft is likewise significant.

There is a need for the Army to establish a basis for decision as to the
degree of cargo handling system automation required in its transport air-
craft. It is the purpose of this program to conduct a cost/effectiveness
evaluation of automated delivery systems for fixed- and rotary-wing trans-
port aircraft, based on the operational concepts and descriptions of typical
support missions as defined in the subject contract.

11
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SCOPE

The purposes of this study are to develop means of measuring the gains
and penalties resulting frorn automating cargo handling functions in Army
aircraft and then to define the approximate degree of cargo handling sys-
tem automation desirable in Army aircraft,

The study effort was divided into two consecutive phases. During the 3
months of Phase I, cost and effectiveness techniques were developed to
analyze the narrow area of automated cargo handling systems in Army
aircraft. Methodologies were developed to measure

12 The degree of automation inherent in a particular cargo
handling system.

2. The effectiveness resulting from a particular cargo
handling system in meeting a given ALLOC mission
requirement.

3. The cost associated with fulfilling a mission requirement

with a given cargo handling svstem.

4. The relationship between effectiveness and cost for a
spectrum of degrees of automation.

Following approval of the methodology developed in Phase I, a 2-month
Phase II effort was initiated. During this phase, several cargo handling
systems were evaluated in three fixed-wing and one rotary-wing Army air-
craft. A wide range of degrees of automation was represented by the sys-
temms evaluated. Data were developed for three airland and two airdrop
missions, including the required mission, aircraft, and cargo parameters.
In addition, the whole evaluation was performed with and without an auto-
mated weight and balance computation system in the aircraft.

Because the study centers about relatively small changes in cargo handling
system weight and cargo handling time resulting from specific hardware
additions to the aircraft, a deterministic approach was used.

The study results are conservative. This conservatism is due to the fact
that aircraft were loaded to their full available payload (unless volume
limited); therefore, the payload degradation due to the weight of cargo han-
dling equipment added to the aircraft had its maximum detrimental effect
on aircraft productivity.

The object of the study was to define the approximate degree of cargo
handling system automation desirable in Army aircraft, rather than to
select specific cargo handling systems for the aircraft evaluated. While
cargo, mission, and aircraft parameters were defined to serve as an

12



evaluation framework, the purpose remained to evaluate cargo handling
system automation, not the aircraft used as evaluation vehicles. Detailed

examination of ground handling subsystems was contractually outside the
scope of the study.
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AUTOMATION INDEX

INTRODUCTION

Automation in a gross sense includes everything from a lever to a computer
and is difficult to quantify. How automated one task is relative to another
is further complicated because there is no accepted unit of measure for
automation. (A measure of so many automations per pound of equipment
would be ideal.) Industry makes decisions on which or how much auto-
mated machinery to buy based on an economic analysis of the return ex-
pected per dollar invested. When dealing with military forces, the value of
delivering a ton of supplies to a combat unit which needs the supplies is
difficult to measure in dollars and cents.

One of the primary objectives of the study was the development of a
quantitative measure of the amount of automation inherent in cargo handling
systems. The quantitative measure would then provide the basis for an
analysis of the returns possible from automating cargo handling tasks.

SCOPE

The measure of automation (hereafter called the automation index) will
apply only to the cargo handling system within the aircraft. The total cycle
of cargo delivery requires the performance of many operations prior to the
cargo's arriving at the aircraft (i.e., select cargo for transport, p: :pare
cargo, transport cargo to aircraft, etc.). These operatinns are excluded
from consideration by contract. Likewise, operations which are performed
after the cargo leaves the aircraft are excluded.

Computation of aircraft weight and balance was not included in the automa-
tion measure because the weight and balance system is independent of the
cargo handling system. The study of automating weight and balance in an
aircraft can be accomplished either simultaneously or independently. The
effect of automating weight and balance on system productivity is the degra-
dation of payload due to the weight of the unit and the decrease of ground
time hecause of a decrease in weight and balance time. To show the effect
of automating weight and balance, the cost and effectiveness analyses will
be made for:

1. Manual weight and balance.
2. Highly automated weight and balance.

DEFINITION OF AUTOMATION

For the purposes of this study, automation is defined as the reduction of
human energy input or human decision in a cargo handling operation or task
by the addition of equipment to an aircraft.

14



CRITERIA FOR SELECTION OF AUTOMATION MEASURE

It is the intent of this study to define a measure of automation that wili
allow rating of the relative amount of automation in existing or proposed
cargo handling systems. Criteria were established to evaluate possible
rating methods. The rating method must:

1. Be independent of the effectiveness measures. (This is
necessary because a highly automated system may be
ineffective.)

2, Be independent of cost measures.

3. Allow for the relative rating of present as well as future
cargo handling systems prior to detail design.

4, Differentiate between similar but not identical cargo
handling systems.

5. Allow consistent rating of the same system by different
evaluators.

6. Reflect the amount of hardware in a system. (A system
with a higher index would probably be heavier and more
complex.)

785 Be dependent only on the actual hardware in a cargo

handling system and insensitive to the particular type
of cargo being transported.

APPROACHES CONSIDERED

Several approaches initially appeared to be reasonable for measuring
automation. As will be described in the tollowing text, each method in-
vestigated has definite failings when subjected to close scrutiny. The
methods investigated included: time, manpower, time and manpower, man-
hours, and functional rating. A definition of each of the possible methods

is given below.

Time

Time as a measure of automation includes that time required to move the
cargo from a loading vehicle into position in the aircraft and to attach the
required restraint. Time to prepare cargo prior to loading and time to
position cargo handling ground equipment adjacent to the aircraft are not
included.

15



Manpower

As with time, manpower includes only those men required to load and
restrain the cargo within the aircraft. Manpower required for servicing
functions and cargo handling prior to arrival at the aircraft is not included.

Time and Manpower

The definition of this measure is the same as when each is used separately.

Man-Hours

Man-hours, as with time and manpower, are restricted to the actual man-
hours required to load, restrain, release restraint, and unload cargo.

Functional Evaluation

The functional evaluation technique requires that all functions for loading,
restraining, and unloading cargo be defined. In addition, the degree of
automation nmust be numerically rated. By examining the manner in which
each function is performed with a given cargo handling system, it is possible
to select the appropriate rating for the function. Determination of the rat-
ings for all functions establishes the automation index for that specific
system.

RATIONALE FOR SELECTION OF METHOD

One criterion for selection of a method of determining the automation index
was that it must be independent of effectiveness. Manpower and the func-
tional evaluation method are the only approaches which met this criterion.

The second criterion for selection was that the method must be independent
of cost. Time and the functional evaluation method met this criterion.
Time is, however, indirectly linked with cost through man-hours.

The third criterion was to allow rating of the system prior to detail design.
All of the approaches considered met this criterion.

The fourth criterion was to differentiate between similar but not identical
cargo handling systems. The relationshp of time and manpower and the
functional evaluation method were the only two approaches which satisfied
this criterion.

The fifth criterion was that the rating must be consistent for the same
system with different evaluators. All of the approaches investigated
satisfied this criterion.

The sixth criterion was that the rating must reflect the amount of hard.-
ware in a cargo handling system. The only approach which did not satisfy
this criterion was the relationship between time and manpower,

16




The seventh criterion for selection of a method of measuring automation
was that the measure should be independent of a particular cargo type. All
of the approaches considered were found to be dependent on the cargo type.
None met the criterion.

As a result of the above examination of possible approaches, the functional

evaluatior method of determining the automation index was selected because
it satisfies more of the evaluation criteria than any of the other approaches

considered.

DETAILED DESCRIPTION OF SELECTED APPROACH

An analysis was performed to determine the functions required in the cargo
handling cycle. The first level functional diagram consists of six blocks,
as shown in Figure 4.

Move Cargo Verify Weight
d —= 4 = = Restrain Cargo
Into Aircraft and Balance
_ ae wed

Perform Flight

Move Cargo Out
Portion of =>4 Release Restraint p=p

of Aircraft
Mission

Figure 4. First Level Functional Flow Diagram

A second level breakdewn (Figure 5) was made in the blocks which were
specifically concerned with cargo handling operations. Definitions of each
function are shown in Table I.

The cargo handling functions could not be detailed beyond the second level
and still be general enough to apply to any system. (An additional level
breakdown could be made, but it would be almost a task analysis of a

particular system.)

17
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TABLE I

DEFINITICNS OF FUNCTIONS

Function

Definition

Pre-position Cargo Mover

Attach Cargo Mover
Activate Cargo Mover

Move Cargo

Guide Cargo

Stop Cargo

Pre-position Restraint

Attach Restraint

Tighten Restraint

Lock Restraint

The relocating (if required) of the means of
providing the power to move the cargo (man,
winch, overhead crane, etc.).

The contact of the cargo mover with the cargo.
Putting the cargo mover into motion.

This function is performed by the c:.go mover,
but the ease with which it is performed is de-
pendent on the type of system; i.e.,. rollers
will allow the function to be performed easier
than a floor with some kind of rub strips.

This function happens when the cargo is being
moved; however, it is not necessarily per-
formed simultaneously in the sense that it
would receive maximum rating. Each system
must be evaluated in the light of how the
guidance is provided.

Bring the cargo to rest.

Includes such things as laying out tiedown
chains or '"locking' pallet latches (if required).

Bringing the restraint means into contact with
the cargo.

Taking slack out of tiedown chains or cargo
nets,

Securing the restraint in such a manner that
it will not inadvertently be released. When
this function is complete,the cargo should re-
quire no additional attention until the aircraft
is airborne.

Note: Only the loading functions are shown, because the loading and un-
loading functions are essentially the same.

19
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There are functions which must be performed with a given cargo handling
system which affect, but are not directly related to, the cargo handling
procedure; i.e., a roller conveyor system may require that the rollers

be stowed prior to loading vehicles. This type of function, since it is not
required for all cargo handling systems, is discussed in the section entitled
'""Other Considerations'' when it is required by a particular system.

The rating system is an orderly progression between completely manual

and fully automated. There are seven possible ratings (Figure 6). The
number of ratings could be expanded considerably, but as more steps are
added, the choice of the applicable rating for a particular function becomes
more difficult. A decision was made to use a large number of functions and

a small number of ratings. The selected method is a logical balance between
number of functions and number of ratings. The evaluator is required to make
a number of relatively simple decisions in arriving at the automation index
for a particular system.

The functional analysis was performed in a manner that would assure a
definite requirement to perform every function defined, regardless of the
cargo handling system configuration. Because of this, every function must
be assigned a rating.

To evaluate the degree of automation present in a particular cargo handling
system, the analyst considers the.first function involved in loading, rates
the degree of automation of that single function, then proceeds to the next
function, and so on, until the degree of automation of the last unloading
function has been evaluated. When all functions have been evaluated, the
automation index for the system is obtained by totaling the ratings of all
functions.

Because of the difference in equiprnent required to handle various types of
cargo, it is necessary to determine the automation index of a cargo handling
system with reference to a particular cargo type. Five general classifica-
tions of cargo are carried in Army aircraft: palletized supplies; vehicles;
bulk (supplies not palletized); petroleum, oil, aud lubricants (POL); and
passengers. A cargo handling system (capable of accommodating any of
the five types of cargo) installed in an aircraft will be assigned a separate
automation index (IY) for each type of cargo.

The evaluator must rate the automation of the cargo handling system, not
the cargo. That is, to determine the automation index for a particular
cargo handling system for vehicles, one must assume that the vehicles
being loaded are non-self-propelled. Although self-propelled vehicles may
be loaded faster under their own power, this increased speed of lozding is
not attributable to the cargo handling system.

The same situation exists with men as with vehicles. The power for move-
ment of the cargo (men) is provided by the cargo itself, but does not
represent automation of the cargo handling system.

20
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It is possible to combine all five indexes (i.e., vehicles, pallets, bulk,
passengers, and POL) into a single number based on a weighted index de-
pendent on the quantity of each type of cargo transported. To do this, a
specific mission must be defined with definite quantities of each cargo type.
The indexes are then combined according to the following formula:

1= ZI——YCQTCTY W
where

I = Automation index

Y = Type of cargo (pallets, vehicles, etc.)

CTY =  Tons of a particular type of cargo

The limitation of this method of combining indexes is tnat the composite
automation index is highly dependent on the mission defined. The distribu-
tion of cargo quantity by cargo type will vary with various missions; there-
fore, two different raissions will result in two different composite automa-
tion indexes for the same hardware.

Three problems of interpreting the approach to rating the automation of a
cargo handling system require discussion:

1. The possibility of weighting the automation of one group of
functions more than another (e.g., rating the automation of
loading functions higher than the automation of unloading
functions).

2y, Functions which initially do not appear to be performed at
all with a particular cargo handling system.

) The manner of rating the degree of automation for functions
which are performed simultaneously (and perhaps instanta-
neously) by a particular cargo handling system.

The weighting of functions would attempt to establish the importance of
functions. It is not the purpose of the automation index to measure the
value of automating one function compared to another, but to rate the
amount or degree of automation of a whole cargo hai.dling system for per-
forming each function. The gains or penalties derived from various de-
grees of automation are measured by the effectiveness analysis, not by the
automation index. Weighting functions tend to evaluate the importance of
automating cargo handling, not to establish whethe. it is automated per se,
and are not appropriate.

22
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The discrete functions defined in Table I must be performed in any cargo
handling operation. In some cases they are performed in a different man-
ner, but they are still performed; e.g., attaching a winch to a pallet or

a man's placing his hands behind the pallet in order to push it is still the
function of attaching the cargo mover to the cargo. The function "attach
cargo mover to cargo' has been performed manually in both cases. One
may be more realistic and more efficient, but neither is automated. To
use the functional evaluation method, the analyst rating the degree of auto-
mation of particular systems must assume that all functions are performed
with each system and must rate each function.

If several functions are performed simultaneously (and perhaps instanta-
neously) by a particular automated cargo handling system, they have still
been performed and must be rated. The same reasoning as above applies.
Functions which are automatically executed by the performance of another
function would be assigned a rating of six (i.e., fully automated) if sg
energy or decision is necessary in order to perform them.

AUTOMATION INDEX SAMPLE CALCULATION

This example of the calculation of the automation index was prepare?
in the understanding of the functional evaluation method.

The system to be evaluated consists of rollers, guide rails, integrate
latches,and an integrally mounted winch. The system automation index
will be determined for palletized cargo utilizing the winch. Pallets can
be loaded by pushing them into position with manpower; however, since 3
winch is included in the system, it must be included in the automation in-
dex calculation. <

Table Il shows each function for the loading cycle, the rating assigned in
Figure 7, and the explanation of the choice of rating. The off-load cycle
is essentially the reverse of the on-load cycle in this example, and ratinges
do not change.

It is interesting to note that the winch, although it adds to the automation, g, . '
would detract from the effectiveness of the system for handling pallets,
This is because of the time-consuming rigging required. .

Automation Index Example Cases

The objective of this section of the report is to show examples of application
of the automation index in a variety of cases. The cases selected may not

be the most logical selection of cargo systems from an operational viewpoint
nor from a cost or effectiveness viewpoint. However, the cases are a repre-
sentative cross section of cargo systems having a wide spread in automation
index ranging from zero to 100 percent automated. The evaluation of each
system is for palletized cargo.
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TABLE II

EXAMPLE — AUTOMATION INDEX RATING

Reason

Function Rating
Pre-position 6
Cargo Mover
Attach 0
Cargo Mover
Activate 0
Cargo Mover
Move Cargo 5
Guide Cargo 4
Stop Cargo 0
Disconnect 0
Cargo Mover
Pre-position 6
Restraint
Attach Restraint 6
Tighten Restraint 6
Lock Restraint 0

The winch is integrally mounted in the
aircraft and does not require pre-position-
ing; therefore, since the function is not
performed, it is completely automated.

This requires a man to walk the winch
cable to the pallet and attach it to the
pallet. The man must p.ovide the work
and decision.

The winch is assumed to be controlled by

a push-button control, and a man must make
the decision to move the cargo and provide
the work to actuate the winch.

Power for the movement is provided by the
winch, but man provides the decision.

Guide rails provide the guidance and
decision; Luat since the guide rail is not
powered, the maximum value that can be
assigned is 4.

Man,through the control of the winch,pro-
vides the decision and work to stop the
cargo.

This requires a man to disconnect the winch
cable from the pallet. He must provide the
decision and work.

In this system the latches are integral with
the guide rail and do not require positioning.

The latching system is a two-location-type
latch being either open or closed; therefore,
the attachment and tightening take place dur-
ing the locking operation which is accom-
plished by a man manually moving a lever,

Note: The unload cycle is not shown because it is essentially the reverse
of the load cycle.
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Rest —
Load

RATING
DESCRIPTION VALUE
Fully automated (power and decision
provided by the materials handling
system or because of the system
design the performance of the function 6 x| x| x x| x| x
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Selection of a system having a zero degree of automation is not easy, in
that even cargo tiedown devices of simple construction can have a degree

of automation above zero. A zero automation index must be entirely manual;
furthermore, no tcols providing a mechanical advantage can be used.

The system selected for Case I (zero autumation) is completely manual,
wherein none of the functions identified in the functional index contain
mechanical advantage devices. Rope was selected for tiedown to avoid
automating the restraint latching portion of the tiedown function. This
system, while it may fall short in a cost effectiveness evaluation, actually
has been used even recently as an interim expedient when an insufficient
quantity of equipment has forced improvisation to get a job done.

The definition of a number of systems, each with progressively increasing
automation, requires the following basic procedure: Select a functional
element (such as tiedown) and define in progressive steps hardware which
has a slight improvement in automation rating. Continue the improvement
in the first selected function until no apparent improvement in automation
level is possible without also considering improvement in adjacent functional
~~eas., Select the next functional area and repeat the automation improve-

<«nts for it until fully exploited. Continue through all functional areas in
the same fashion.

After one cycle of improvements in all functional areas, inspection of the
results will reveal that, because of the close interdependence of one func-
tional area on the other, automating one will allow greater automation of
another. By recycling the automation improvement of each functional element
in a total system several times, a final system can be defined which will
have a very high automation rating.

An example of this approach for 17 different systems will clarify the
procedure. See Figure 8 for ratings.

System 1 — Automation Index = 0

This system consists of an aircraft cargo compartment equipped with cargo
tiedown rings. Cargo is moved into the aircraft by using manpower either
by carrying or sliding cargo into position. Restraint of cargo is accom-
plished by using rope. Because all functions are performed manually, the
system has an automation index of 0.

System 2 — Automation Index = 6

This system is identical to system 1 except that a cargo strap with a

military belt-type buckle is used for restraint. This buckle providees auto-
matic locking with the tightening function; however, the buckle must be un-
locked before loosening. Because the locking is performed simultaneously
with the tightening functior, it is assigned a value of 6. The loosening and
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unlocking functions both require manual efcort and are therefore assigned
ratings of 0.

System 3 — Automation Index = 12

This system is identical to system 2 except that an MB-1 tiedown strap is
used in place of the strap with a military-type buckle. The MB-1 strap is
locked when tightened and is loosened when unlocked; therefore, the lock-
ing and loosening functions are fully automated. As with system 2, the
locking function is assigned a rating of 6. The loosening function is per-
formed simultaneously with the manual unlocking function. Loosening is
assigned a value of 6, and unlocking is assigued a value of 0.

System 4 — Automation Index = 18

This system is the same as system 3 except that ~ cargo net, suspended
from the ceiling of the aircraft, ‘- v3ed for restraint. The cargo net is
manually attached to floor tiedown _1ngs by using MB-1 type fittings. In
this case, the locking, loosening, and pre-positioning of restraint are
automatic. Each of these functions is assigned a value of 6.

System 5 — Automation Index = 24

This system uses the same restraint method as that described in system 4.
The movement of cargo into and out of the aircraft is aided by the addition
of a wheeled pry bar (Johnson bar). The wheeled pry bar provides most of
the effort required to move the cargo. The decision to move the cargo is
provided by man. The function '""move cargo' in both the load and the un-
load cycle is assigned a value of 3.

System 6 — Automation Index = 28

This system is the same as system 5 except that the pry bar is motorized.
This changes the value of the movement functions from 3 to 5.

System 7 — Automation Index = 32

This system uses the same restraint means as systems 4, 5, and 6. The
method of movement of cargo is changed in this system. The pry bar is
deleted and skate-wheel-type conveyors are added. Cargo is preloaded

on plywood sheets to allow the use of rollers. In this case, the function

of moving cargo is rated at 3 and the function of guiding cargo is also
rated at 3. The guidance of cargo on a roller system is relatively easy
because of the unidirectional characteristic of rollers or fixed axle wheels,
Stopping of cargo is rated at 1 because the friction in the rollers aids
slightly in bringing the cargo to rest.
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MOVEMENT

GUIDANCE

RESTRAIN™

1 Manpower Bare Aircraft

5 Maripower and a Wheeled Pry Bar

6

Motorized Pry Bar

7 Skate Wheel Conveyors

8

9 Roller Conveyors

10
11

12
13

14
15

L}

" w/ Portable Winch
" w/ Integral Winch

16 Powered Roller Conveyors

Ma..power

Unidirectional Skate Wheels

Buffer Boards

" "

Side Guide Rails

Buffer Boards

Rope - Integral Tiedown Rings
Strap w/ Military Buckle
MB-1 Tiedown Strap

Overhead Cargo Net

Seat Track Pallet Latch
Flip-up Pallet Latch (DC-8)

Pinlock in Rail w/ Special
Pallet

Integral Latches Manually
Actuated

Integral Latches Power
Actuated

Automatic Overhead Cargo Net

FUNCTI

17 Full Width Conveyor

Figure 8, Sample Automation Index CalculationoA
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System 8 — Automation Index = 34

This system is exactly like system 7 except that buffer boards are added,
which relieves man of any decision for the guidance of cargo and therefore
increases the automation rating 2 points for the system.

System 9 — Automation Index = 40

This system has the same degree of automation in the movement cycle as
systems 7 and 8. However, the automation is provided by wide rollers.
The increase in the automation index is caused by the restraint method.
This system employs special rigid pallets to which the cargo is secured
by nets, prior to loading. The latch is a clip-on type which attaches into a
seat track installed in the aircraft floor (see Figure 9). Figure 10 shows
this latch being used in an early model DC-8. The latch is installed after
a pallet is in place, and it restrains that pallet plus the edge of the next
pallet. Lifting the ring, shown in Figure 9, with the thumb, as shown in
Figure 10, raises a detent which allows the fitting to be installed into a
seat track. Release of the ring locks the fitting in place. The function of
attaching the restraint is accomplished manually. The locking and tighten-
ing functions are performed simultaneously with the attaching function and
are assigned values of 6. The loosening and disengaging functions are per-
formed simultaneously with the unlocking function and are assigned values
of 6.

System 10 — Automation Index = 52

This system is the same as system 9 except that buffer boards are added
for guidance of cargo and integrally mounted flip-up latches are used for
restraint. Figures 11, 12, and 13 show a model of this latch in the latch-
ing sequence. Figure 11 shows the latch stowed flush in the floor. Figure
12 shows the latch partially positioned. Figure 13 shows the latch in position
to provide restraint for one edge of the preceding pallet as well as one edge
of the next pallet.

The latch is integral with the floor, and therefore the functions of pre-
positioning and stowing restraint are assignzd values of 6. The functions
of attaching and tightening restraint are performed simultaneously with the
locking of restraint and are assigned values of 6. The corresponding func-
tions for the unloading cycle are also assigned values of 6.

System 11 — Automation Index = 52

This system uses rollers for movement of a special rigid pallet. Restraint

is accomplished by side guide rails and a pin lock. The pallet has holes along

the edges to accept the pins. Figure 14 shows the pin lock in the open position.
The pallet is moved manually into the correct position and the pin is inserted.
The pin is shown in the engaged position in Figure 15. The values assigned to

functions are identical to those of system 10.

31



Figure 9. Pallet Restraint Device

Figure 10. Installing Pallet Restraint Device
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Figure 11. Flip-Up Latch, Retracted

Figure 12. Flip-Up Latch, Partially Positioned

Figure 13. Flip-Up Latch, Restraint Position
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Figure 14. Pinlock Latch, Open Position

Figure 15. Pinlock Latch, Closed Position
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This system has the same amount of automation as system 10. The effec-
tiveness of the two systems will be considerably different. Also to be
considered is the fact that system 11 is readily adapted to airdrop. Sys-
tem 10 is incompatible with airdrop. Although latching is by a different
method, both systems have the same automation index.

System 12 — Automation Index = 54

This system is the typical 463L system as found in C-133 or C-130 aircraft.
The system uses rollers and guide rails for movement. Latches provide
forward and aft restraint,and the guide rail provides lateral and vertical
restraint. A stop is provided at the forward end of the aircraft to help
position pallets. The values assigned to the restraint functions are identical
to those of systems 10 and 11. The ''stop' function is assigned a value of 3
because the man loading the pallet must position it correctly to accept the
latches. The '"stop' function for the unloading cycle is identical to that for
system 11.

System 13 — Automation Index = 64

This system is identical to system 12 except that power has been provided
in the latching operation, which increases the automation. The functions
of "lock!' and ''unlock restraint' are assigned values of 5 because power
has been added, but man provides the decision.

System 14 — Automation Index = 72

This system is identical to system 13, but a portable winch has been added
to aid in cargo movement. The winch must be attached to tiedown rings on
the cargo floor prior to use. The winch increases the automation rating of
the function ""move cargo' to 5 for both the load and unload cycles.

System 15 — Automation Index = 84

This system is the same as system 14 except that the winch is integrally
mounted. The functions of pre-positioning cargo mover and stowing cargo
mover are both assigned values of 6.

System 16 — Automation Index = 110

This system is the same as system 13 except that powered rollers are used
for cargo movement. To achieve an index this high, it is necessary to
assume that ground equipment compatible with the aircraft system is avail-
able. The function "attach cargo mover' is assigned a value of 6 because
pallets are brought into contact with the power rollers by the action of the
ground loader. The function ''disconnect cargo mover' is assigned a rating
of 6 because the pallets are always in contact with the rollers (cargo mcver).
The ''stop cargo'' function is assigned a value of 5 because the system does
all the work.
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System 17 — Automation Index = 121

This system is similar to system 16, but the total loading and restraining
sequence is accomplished by pushing a button. The off-load cycle auto-
matically starts with the opening of the cargo doors. All functions are
assigned ratings of 6 except the functions '"activate cargo mover' which

is completely manual (0 rating) and ''stop cargo' which is assigned a rating
of 1 because the ground equipment operator must stop the rollers when the
cargo is out of the aircraft.
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EFFECTIVENESS

INTRODUCTION

The preceding chapter discussed means of measuring the degree of automa-
tion of a given cargo handling system. The fact that a cargo handling system
is highly automated does not necessarily mean that the system 1s more
effective.

The purpose of this part of the study is to develop a method of determining
the returns (measured in effectiveness units) from automating cargo han-
dling functions within Army aircraft.

Both quantitative and qualitative factors must be considered in evaluating
the effectiveness of an automated cargo handling system. Most of the
quantitative factors may be integrated in a comprehensive effectiveness
measure, This effectiveness results from the interaction of many elements
within a given evaluation framework. Most of the quantitative factors which
cannot be integrated into a comprehensive effectiveness measure may be
tied together in the cost analysis. Directly or indirectly, all quantitative
effectiveness factors are inputs to the cost analysis,

Most qualitative factors cannot be realistically integrated into either the
effectiveness or the cost analysis and must stand alone as ''other considera-
tions.'" This in no way implies that they are unimportant. At a minimum,
the qualitative factors serve to differentiate between systems having similar
quantitative effectiveness and/or cost ratings. In some cases, qualitative
considerations may even override quantitative considerations.

This study deals in a specific area (automation). The effects of automating
cargo handling must be isolated from the effects of variations in a rnultitude
of other delivery system parameters whenever possible. It is relatively
simple to examine the effect of automating cargo handling within Army air-
craft on any individual effectiveness parameter (e.g., manpower, loading
time, etc.) for a defined aircraft cargo load. It is difficult to integrate
these effects in a realistic manner so that the influence of each parameter
on total delivery system performance may be evaluated in an operationally
realistic manner.

The following sections of this chapter will discuss:

1. Factors determined by the cargo handling system.
2. Factors affecting the evaluation of cargo handling systems.
3. Qualitative effectiveness factors,
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4. The general approach to integrating the diverse
effectiveness factors to obtain a comprehensive
measure of effectiveness.

5. Cargo dependent considerations.

6. The calculation of cargo system effectiveness.

FACTORS DETERMINED BY THE
CARGO HANDLING SYSTEM

There are basically six factors directly determined by the cargo handling
system:

1. Time — to load, restrain, release restrainy, and
unload a specified cargo load.

2. Payload degradation — due to the cargo handling
system weight.

3. Aircraft availability — as affected by the cargc
handling system reliability and maintainability.

4, Operating manpower — to handle the cargo.

5. Maintenance manpower — to maintain the cargo
handling system.

6. Maintenance materials — required by the cargo
handling system.

The first three factors directly affect the productivity of the total delivery
system. The last three affect, primarily, the cost of operating the delivery
system and will be discussed in the cost section of this report.

Generally speaking, adding a cargo handling system to an aircraft can
reduce the aircraft availability and does reduce the useful payload of the
aircraft. Counteracting these detrimental effects is the increased delivery
system efficiency which results from reducing the cargo handling time.

Aircraft availability directly affects system producitivity, independent of
any mission parameters. If 5 percent of the aircraft on hand are down for
cargo handling system maintenance, overall delivery system productivity
is reduced 5 percent, independent of the mission radius or the weight of

each aircraft cargo load.

The effect of payload degradation due to the cargo handling system weight
depends on the mission radius and the weight of the aircraft cargo load.
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For example, assume that an aircraft without any cargo handling system
has a payload of 10,000 pounds at a 100-nautical-mile radius and a payload
of 5000 pounds at a 250-nautical-mile radius. The addition of a 2500-
pound cargo handling system degrades the maximum useful payload by

25 percent at 100 nautical miles and by 50 percent at 250 nautical miles.

If the aircraft is always loaded tu capacity, one-third more aircraft will be
required for a given 100-nautical-mile mission and 100 percent more air-
craft will be required for a 250-nautical-mile mission, unless the payload
degradation is offset by savings in cargo handling time. On the other hand,
there will be no payload degradation penalty at either radius if the aircraft
carries a volume limited 5000-pound payload.

While payload degradation directly detracts from delivery system productivity,
the impact of cargo handling time savings depends on the mission flight time.
Given a fixed mission radius, the round-trip cycle time decreases as the

cargo handling time decreases, and an aircraft can fly more cycles in a given
time period. Assume, for example, round-trip cycle times of 100 minutes
and 180 minutes, 60 minutes of which is cargo handling time in each case.
Decreasing the cargo handling time by 50 percent in each case results in
30-percent and 16. 7-percent reductions in the total cycle time, respectively.
The difference is due to the longer mission radius of the latter.

Generally speaking, as the mission radius increases, payload degradation
has an increasingly detrimental effect, and savings in cargo handling time
are less important.

Losses due to enemy fire while airborne or on the ground depend on a

myriad of factors. The most important of these are: flight profile, the air-
craft vulnerable area, type and intensity of enemy fire, dynamic engagement
trigonometry, number of aircraft in the formation, number of times exposed,
and time of exposure. Only the exposure time and the number of times ex-
posed are affected by automating the cargo handling system. Three types of
aircraft losses must be considered. There are losses due to

1, Accidents not involving ener.y fire.
2 Enemy fire while the aircraft is airborne.
3. Enemy fire while the aircraft is on the ground.

Automating cargo handling within Army aircraft influences vulnerability in
two counteracting ways. The weight of the cargo handling system decreases
useful aircraft payload, thereby increasing the number of cycles necessary
to deliver a fixed cargo quantity. Flying more cycles increases the accident
losses and may increase the losses to enemy fire by increasing the number
of times exposed to enemy fire. If automating cargo handling functions de-
creases the cargo handling time in the forward area, exposure time on the
ground per cycle decreases, thereby decreasing this type of aircraft loss to
enemy fire per cycle,
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Payload degradation due to the weight of the cargo handling system and
increased efficiency due to reduced cargo handling time are the primary
influences of the cargo handling system. As the cargo handling system is
a small part of the total delivery system, any effects of the cargo handling
system on total delivery system performance will be small. To meaning-
fully measure these effects necessitates a number of carefully structured
assumptions about the makeup of the aircraft cargo loads and accurate
data development.

FACTORS AFFECTING THE EVALUATION
OF CARGO HANDLING SYSTEMS

Three sets of parameters contribute to the operational framework for the
evaluation: mission parameters, aircraft parameters, and cargo param-
eters.

Mission parameters include: radius, threat environment, terrain, delivery
mode (airland or airdrop), time available, cargo to be delivered, unit sup-
ported, retrograde cargo quantity and composition, and type aircraft flown.

Aircraft parameters include: aircraft model, payload versus radius
capability, dimensions, airfield requirements, takeoff time, flight times,
accident rate, weight and balance system, cargo handling system, fuel
consumption, fuel capacity, fueling rate, and vulnerability to enemy fire.

Cargo parameters, affecting primarily the analysis of weight per aircraft
load and the cargo handling times, include: type cargo (pallets, bulk, POL,
vehicles, personnel, or mixed cargo), description (weight, dimensions and
special handling problems) of the items making up each unit aircraft load,
total quantity of cargo to be delivered, and composition of the total cargo
quantity.

QUALITATIVE EFFECTIVENESS FACTORS

Some effectiveness factors are primarily qualitative. The fact that these
factors do not lend themselves to quantitative analysis does not mean that
they are unimportant. As a minimum, they serve to differentiate between
systems with similar quantitative effectiveness and cost ratings. A cargo
handling system may rate high quantitatively but may be unsuitable because
of qualitative factors, and vice versa.

The proficiency required of the cargo handling personnel is one such
qualitative factor. Phrased differently, how well does the system perform
when the only man familiar with the system is the aircraft crew chief?
This criterion is especially important when operating in the forward area.

The degree of compatibility of the system with airdrop delivery is another:
qualitative factor. If restraint release is a slow process, it must be
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initiated up to 10 minutes before the drop. This endangers operating
personnel. Slow extraction affects drop accuracy and aircraft exposure
time to enemy fire at a vulnerable altitude. Very slow extraction could
even place the aircraft beyond its center of gravity limits. At a minimum,
some type of side-guidance and friction-reducing device on the floor of the
aircraft is required for airdrop.

The time, men, and materials required to prepare loads prior to loading
may affect response time to an emergency request, airfield or storage

area saturation, or may severely impede loading return cargo in the forward
area. Another qualitative factor having similar ramifications is the time re-
quired to convert the cargo handling system from carrying one type of cargo
to carrying a different type cargo, e.g., from pallets to vehicles.

Some forward area cargo handling systems are more compatible with ground

handling equipment and surface transportation vehicles; some are more com-
patible with the form of the cargo as it is unloaded from the strategic aircraft
used in deployment from CONUS.

The overall reliability and maintainability of the cargo handling systems may
be estimated in a quantitative manner. How seriously the delivery system
performance is degraded if the cargo handling system fails is an influential
qualitative factor. Considerations in this area include expected types of
failures, system performance after each type of failure has taken place,

and time required to return the delivery system to operational status after

a failure.

GENERAL APPROACH TO INTEGRATING
QUANTITATIVE EFFECTIVENESS FACTORS

One particular cargo handling system may rate high in some effectiveness
factors but low in others. Due to the large number of factors and possible
effectiveness measures involved in evaluating automation, some integration
of the effectiveness factors is required. Measuring the effectiveness of the
system by system productivity is a generally accepted and applicable means
of integrating a number of diverse elements in a problem such as this.

The analysis will measure the variable effectiveness and variable cost
resulting from meeting a fixed operational requirement with a given cargo
handling system in a given aircraft.

With cost a variable, only one of the three basic effectiveness parameters
(number of aircraft, total time, and total cargo quantity) may be variable;
otherwise, no defined answer is possible without the use of undesirable
ratios. The selection of one of the three basic effectiveness parameters

as the variable depends upon the desired form of the effectiveness measure,
such as
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1. The number oi aircraft required to meet a fixed overall
requirement (delivery of a fixed quantity of cargo within
a fixed time period).

A The time required to deliver a fixed quantity of cargo,
given a fixed number of aircraft.

3 The quantity of cargo which a given number of aircraft
can deliver in a fixed time period.

The three approaches are similar, but are simply difterent manipulations

of the three basic effectiveness parameters. The variable aircraft approach
has several advantages in light of the overall analvsis. Cost has greater
meaning in an absolute sense when it is the cost of meeting a fixed require-
ment (delivering a fixed quantity of cargo in a fixed time period) with a par-
ticular cargo handling system in an aircraft. Corresponding to this cost

is an absolute quantity which measures the effectiveness { the cargo han-
dling system, i.e., the number of aircratt required to meet the fixed re-
quirement of delivering a fixed quantity of cargo in a fixed time period.

The objective is to obtain as pure a measure as possible of the return
(positive or negative) from automating cargo handling within Army aircratt.
The variable number of aircraft approaches is operationally realistic and
best solves the problem.

More or fewer aircraft may be required with a particular cargo handling

system when an integral three-point automated weight and balance system
is added to the aircraft, depending on whether payload degradation or de-
creased cycle time is the dominant factor.

CARGO DEPENDENT CONSIDERATIONS

The previous discussion showed that it is advantageous to work with a fixed
requirement (i.e., specific tonnage of cargo to be transported in a fixed
time) and to determine the number of aircraft required to satisfy the re-
quirement. The narrow scope of the problem precludes using generalized
loading times and cargo parameters. For this reason, a deterministic ap-

proach was selected.

Two factors dictate the requirement to consider individual aircraft loads.
These are the cargo handling time and the reduction of aircraft payload due
to the weight of the cargo handling system. The method of making up air-
craft loads must be capable of evaluating the effect of cargo handling system
weight, permit accurate time evaluations, and appreciate the operational
aspects of the problem. Each of the three factors is best understood if in-

vestigated separately.
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Operational Realism in Cargo Load Composition

Within the scope of the study it is not possible to consider all of the different
cargo loads which may be carried in Army aircraft. Two methods of com-
posing aircraft loads were considered. A decision was reguired on whether
to load mixedloads (loads with more than one type of cargo; i.e., vehicles
and pallets, vehicles and POL, etc.) or separate loads (only one type of
cargo per load), or both.

In actual Army operations some loads carried by Army aircraft will be
mixed loads. Any conclusion drawn for pallets is valid for pallets in
generzl. Any conclusion drawn for one mixed load is valid for the specific
cargo composition of that load, and not for other mixed loads having different
cargo compositions. With mixed loads there exists the possibility of unfair
evaluation of a system because of the very makeup of the mixed loads.
Separate loads, on the other hand, will permit accurate relative evaluation
of various cargo handling systems but will lack somewhat in operational
realism. No single answer to the conflict between operational realism and
accuracy of the analysis is believed to exist. Therefore, to evaluate more
accurately the effectiveness of various cargo handling systems,separate
loads will be used for the bulk of the analysis, but several mixed loads will
be included in each system evaluation for operational realism.

Cargo Handling Time

Cargo handling time has two major effects on delivery system effectiveness.
For the short radius missions performed by Army aircraft, the cargo han-
dling time is a significant portion of the mission cycle time. If cargo han-
dling time is reduced, the total system effectiveness increases because
each aircraft is more productive. Aircraft vulnerability is sensitive to
cargo handling time at the off-load site. The loss of aircraft due to enemy
fire is a function of the exposure time on the ground at the off-load site,

as well as the nuinber of times exposed, if the off-load site is a vulnerable
area.

The cargo handling times must be analyzed for defined aircraft loads. Any
evaluation which generalizes the cargo handling time will result in ques-
tionable conclusions. Two approaches are possible to determine loading
time. The first would require calculation of the loading time, for each
piece of cargo, for each cargo handling system. These data would then be
used with a computer load planning program, which plans the most efficient
manner to load a large amount of cargo. If the computer is also used to
calculate the cargo handling times, it must be programmed to recognize the
effect of loading sequence on cargo handling time for all possible cargo com-
binations. The unnecessary complications do not add to the evaluation of
automation of cargo handling inside Army aircraft.

A second approach to the problem is to set up, for each aircraft, specifically
defined loads which will be standard for the evaluation of any system. This
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allows the hand calculation of cargo handling times. Times are accurate
and each system is evaluated with the same loads.

The first approach will produce reasonably accurate cargo handling times,
but the amount of data which must be put into the computer is prohibitive.
The second approach is as accurate as the first, hut does not evaluate all
possible combinations or pieces of cargo. It uses frequently carried and
representative loads for the evaluation. The objective of the study is to
evaluate the automation of cargo handling inside Army aircraft, and not to
optimize the loading process for large quantities of cargo. The second ap-
proach was adopted for ease and accuracy of calculations.

Cargo Handling System Weight

As previously stated, the evaluation must consider the weight penalty
imposed on the aircraft by the cargo handling system. The determination
of the makeup of the specific loads used in the evaluation is basically a
problem of picking the method which best assesses the penalty of cargo
handling system weight.

The assumptions made that every aircraft is grossed out whenever the air-
craft is not volume limited and that all of the cargo handling system weight
must be subtracted from payload are conservative. It is unlikely that it
will be possible to utilize all of the available payload with every type of
cargo in every aircraft, especially in the case of vehicles.

CALCULATION OF CARGO HANDLING
SYSTEM EFFECTIVENESS

The cargo handling system effectiveness, measured by the number of air-
craft required to meet a given requirement, is calculated by type of aircraft
load because the cargo handling times depend on the specific cargo load
analyzed. This is then summed to obtain the number of aircraft required by
type of cargo. Further summation yields the cargo handling system effec-
tiveness for the total mission cargo, including more than one type of cargo
and/or mixed load(s).

In general, the initial number of operating aircraft AIY required to
transport cargo of type Y is:

Ay = LAy (2)

The number of operating plus unavailable aircraft follows:

Apy = P Ay (3)
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where P is the inverse of the delivery system availability and AIYN is the

initial number of aircraft required to transport aircraft load type N of
cargo type Y. There may be any nurnber of different types of load con-
figuration (N) of cargo type Y. For example, Y = 1 may represent
palletized cargo and N = 1 pallets of rations, N = 2 pallets of ammuni-
tion; Y = 2 may represent vehicular cargo with N = 3, 4, and 5 represent-
ing three different vehicle loads.

As aircraft losses are small and nearly linear, an average number of
operating aircraft may be used in the calculations:

A
= _LYN
Ayn T Aaynt T2 (4)
where

AAYN = average number of operating aircraft carrying

load type N of cargo type Y over time period

T .

T

ALYN =  total aircraft lost (defined as nonproductive

during time period TT) to accidents and enemy

fire during time period TT while carrying load

type N of cargo type Y.

The average number of aircraft required depends on the number of aircraft
loads of load type N, the cycle time TCYN’ and the total time TT during

which all cargo deliveries must be completed.

Cargo lost when aircraft are lost (for the mission time period TT)'is

negligible because the aircraft losses are generally small, and the loss of
an aircraft does not necessarily mean that the cargo is lost. The major
effect of an aircraft lost on total system effectiveness is the loss of the
use of that aircraft on future cycles. Cargo lost due to impact damage

or landing in an enemy area after airdrop is not to be considered in this

study.

Assuming that cargo lost is negligible,

r - _C_TYN . TQ’N (5)
AYN CLYN TT - 60
where
CLYN = cargo load per aircraft per flight (load type N
of cargo type Y).
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CTYN =  total quantity of cargo (load type N of cargo type Y).
TT =  total time available to complete all cargo deliveries.
T =  total single aircraft cycle time (one cycle includes
CYN : :
two flights, primary and retrograde).

The cycle time TCYN is the sum of the flight time per cycle and the

ground time per cycle.

TCYN = T1+T2+T3+T4+T5+T6+ (1 - K) (T7) + T8 +T17 (6)

T4, TS’ T6’ le, 'I'13, T14, and T17 are flight times; the other T's are

cargo handling times. All are defined at the beginning of this report. The
cumulative flight hours (TFYN) are given by:

Cryn

Teyn = C 60

. (T4+T
LYN

FT FT T ) HE FR(T)) (7)

5 13

The cumulative ground hours (TGYN) are given by:

Ty = XN (r

: +T,+ (1 - K) (T+T,) +
GYN Clyn 60 2' '3 778

(8)

T9+ T10 i+ T11 + T15+ T16+ T17

The "K'" factor accounts for the cargo handling functions performed while
the aircraft is in flight on airdrop missions. While there is a defined time
to release restraint T7 on airdrop missions, this cargo handling function

is performed while descending to airdrop altitude and is included in T6'
The time to unload cargo T, is flying time for an airdrop mission, whereas
both T, and Tg are ground ;irnes for an airland mission. K =1 for airdrop.
K = 0 for airland. The retrograde cargo handling times are, of course,
zero for airdop missions.

ALYN is composed of

| & Accidental losses (some repairable, but assumed
lost for the duration of the mission).

23 Vulnerability losses to enemy fire (some repairable).
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The first is a function of flight hours; the latter is a function of exposure
time with given tactics and enemy fire.

In general,
C
ALYN © T <V1 * Vz) (9)
LYN
where
V1 = accident rate per single aircraft per cycle.
V2 = aircraft downed per single aircraft per cycle.
CTYN _ number of single aircraft cycles carrying load
CLYN -  type N of cargo type Y.

The initial number of aircraft required is calculated for each type of air-
craft load N by using equation 10,

_ [Czyn  Tcyn 1 Cryn Cryn
Awn = \C "T..60) T 2 |V1\cC *Valc (10)
LYN T LYN LYN
AIYN’ ALYN’ TFYN’ and TGYN are calculated for each aircraft load type
N of cargo type Y and are then summed for the cargo type Y.
Apy = P - A (3)
Ay = zAwyn (2)
Ay = zZALYN (11)
Tey = =Tryn (12)
Tey =  =zTgyn (13)

The above quantities are also inputs to the cost analysis.

47

e . Rilaaide Lo® o ST b e e el UL g i 5 L o Ry Ll B Lmh iy e

®



The aircraft and hours for each cargo type Y are again summed to obtain
values for the total mission cargo (CT):

A = sl (14)
Ap = sApy (15)
AL = ZALY (16)
TF = ZTFY (17)

The comparison of any two cargo handling systems using the cost or
ef{fectiveness measures proposed in this report does not require any auto-
mation index. The effectiveness result is as valid as the input parameters
used and is independent of the automation index. The automauation index is
only a measure of the degree of automation present in a particular cargo
handling system and is used to provide a common horizontal axis value
against which to plot the cost and effectiveness measures.

As the automation index (measure of the degree of automation) for a par-
ticular cargo handling system is different for each type of cargo, a compos-
ite automation index value is necessary in order to derive an expression for
a cargo quantity made up of more than one type of cargo, even though all
aircraft loads are of only one type of cargo.

The automation index for each type of cargo is weighted by the percent of
the total cargo tonnage which is of that type, and a composite automation
index value is obtained.

_ ly © Cry
I D Y &
T
where
I =  weighted composite automation index value valid
only for one specifically composed total cargo
quantity CT'
CT =  total quantity of cargo of all types delivered in
time T, (including mixed loads).
CTY = total quantity of cargo of type Y delivered i1 loads

composed purely of one type cargo or of one specific
mixed aircraft load.
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The sequence of the effectiveness calculations is as follows:

1.

Select the aircraft model and define whether the aircraft
has an integral three-point automated weight and balance
system.

Determine the net available payloads after the cargo
handling systems have been added to the aircraft.

Define the mission delivery mode (airland or airdrop)
and thereby the delivery niode factor (K = 1 for airdrop;
K = 0 for airland).

Define the mission radius and combat environment.

Define the total quantity (CT tons) of mission cargo and

the composition of the cargo quantity by type of cargo Y
(CTY tons of cargo type Y). Each specific mixed aircraft

cargo load should be considered a separate type of cargo (Y).

For each cargo type Y (CTY tons), plan the specific aircraft

loads of that type of cargo (N different type loads of cargo
type Y) and the tons of each aircraft type load (CTYN tons).

The sum of the tons (= CTYN) of each aircraft type load (N)
of cargo type Y equals the total tons (CTY) of cargo type Y.
For example, if Y =1and N=1, 2, 3, CTI = CTll + CTIZ +
CT13’ TYN

on the weight of the cargo handling system installed in the
aircraft.

The tons of each aircraft type load (C ) will depend

Define the retrograde cargo load quantity as a percent of the
outbound primary cargo and as the percentage composition of
each retrograde aircraft load. For example, the retrograde
cargo could equal 50 percent of the primary cargo weight,
made up of 15-percent bulk cargo and 35-percent ambulatory
and litter patients.

Define the general aircraft flight profile (speed and altitude).

Calculate the primary (outbound) mission flight times: the
time to taxi, take off, and climb to cruise altitude (T4
minutes); the time enroute at cruise altitude (T5 minutes);

and the time to either (1) descend, land, and taxi for the
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10.

11.

12.

13,

14,

15,

airland delivery mode or (2) descend to airdrop altitude
(but not to drop the cargo) for the airdrop delivery mode
(T6 minutes).

Calculate the retrograde (return) mission flight times:
the time to either (1) taxi, take off and climb to cruise
altitude or (2) climb from airdrop altitude to cruise
altitude (T, , minutes); the time enroute at cruise altitude
('I'13 minutes); and the time to descend, land, and taxi

(Tl4 minutes).

Calculate the refueling time (T17 minutes) per cycle

(primary flight plus retrograde flight). Depending on the
payload, airfield, and radius constraints, this refueling
time per cycle might be viewed as (1) the time to add
sufficient fuel to the aircraft for one cycle or (2) a por-
tion of the time required to fuel the aircraft to capacity,
allocated on the basis of the fuel burned on one cycle.

For the primary mission cargo, calculate the time to

load (T1 minutes), restrain (TZ minutes), verify weight
and balance (T3 minutes), release restraint (T7 minutes),
and unload (T8 minutes) for each defined aircraft type load
(Cryn

most cargo handling systems, the restraint begins while
cargo is still being loaded. It is recommended that T2 and

tons) and cargo handling system. Note that with

T8 be regarded as the additional time required to restrain
the primary cargo after loading is complete and the additional
unloading time after all restraint is released, respectively.
For the retrograde mission cargo, calculate the time to

load (T9 minutes), restrain (T10 minutes), verify weight

and balance (T11 minutes), release restraint (T15 minutes),
and unload (T16 minutes). The same overlap of restraint

and loading exists as discussed above, and may be handled

in the same manner.

Calculate ""P, ' the reciprocal of the delivery system (air-
craft plus cargo handling system) availability.

Define the accident losses per aircraft per cycle (Vl).
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16.

17.

18.

19.

20.

21,

o/

23,

24.

25,

26.

Define the losses to enemy fire per cycle (Vz) fou the

appropriate mission environment and evaluation case.

Define the percent (F) of the downed aircraft (ALYN)

that are a total loss.

Calculate TCYN for each combination of aircraft,

delivery mode, cargo handling system, and load
type (equation 6).

Calculate TFYN and TGYN for each case and store

the results for summing (equations 7 and 8).

Calculate the number of downed aircraft (ALYN) for

each case and store the results for summing (equation 9).

Calculate the initial number of operating aircraft (AIYN)

required in each case and store the results for summing
(equation 10).

Calculate the cumulative flight hours (T the sum of

FY’
the TFYN) for each cargo type Y and store the results

for further summation (equation 12).

Calculate the cumulative ground hours for each cargo
type Y (TGY’ the sum of the TGYN) and store the results

(equation 13).
Calculate the initial number of operating aircraft required
(A the sum of the A and the aircraft downed (ALY’

" IYN)
the sum of the A ) for each cargo type Y and store the

LYN
results for further summation (equations 2 and 11).

Calculate APY’ the initial number of operating and un-

available aircraft required for each cargo type,and store
the results (equation 3).

Calculate AP’ AI’ AL’

cargo quantity CT (equations 15, 14, 16, 17, and 1,

TF’ and I for the total mission

respectively).
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The 7090/7094 computer was used to process the data in this project.
Although the calculations involved were quite straightforward, the volume

of calcnlations made hand calculations impractical. The computer also func-
tioned as an economical typist, printing both the input and output data iu
orderly columns.

The computer program handles a variable quantity of data and performs
calculations and summations at certain levels of data. There may be as
many as 20 cargo handling systems under each aircraft and delivery mode,
10 cargos under eacl .ystem, and 50 loads under each cargo type.

In calculating effectiveness, mixed lnads are treated essentially the same
as loads of only one type of cargo. The computer program recognizes no
difference between mixed loads and loads of only one type of cargo. The
difference is in the data development prior to the calculations.
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COST METHODOLOGY

Costs are of primary importance in evaluating degrees of automation of
cargo delivery systems within U. S. Army aircraft. Since the U. S. Army
does have limited resources, a procedure for measuring the resource re-
quirements of alternative delivery systems is required if the allocation of
these resources is to be optimized. The costs of the various resources
(personnel and materiel) expended in the introduction and continued opera-
tion of any system can be represented by their attendant dollar costs, thus
providing one basis for comparing alternatives.

Cost will be a variable because the fixed cost case creates many problems
and does not show the return from automating cargo handling within Army
aircraft as clearly as does a variable cost approach. As the name implies,
fixed cost forces the analyst to structure the effectiveness analysis so that
the total cost remains fixed. Specifically, using fixed cost to evaluate auto-
mation would force the analyst to work only with a few combinations of air-
craft, cargo, and total delivery time, which cost a fixed amount, and would
not permit illustrative examination of the effectiveness achieved by a given
cargo handling system in meeting a given requirement.

The objectives of the cost analysis are threefold:

1. Establish the best costing approach to evaluate the
various cargo handling systems.

A Develop a cost model which will quantify the cost
of each delivery system,given the required input
data.

3. Quantify the final cost outputs such that each cargo

delivery system and its economic ramifications can
be evaluated.

Several standard analytical costing concepts are employed in cost eifec-
tiveness analyses. These concepts have been developed and »tilized by
various levels of Department of Defense groups and aerospace system
contractors.

Total Force Cost is the total cost associated with the larger operating
organizations within the military complex; e.g., the General Purpose
Forces, Strategic Offensive Forces, and Airlift/Sealift Forces. There
are nine of these categories comprising the major military programs.

Total Program Cost of a particular system (or program) refers to its total
icradle-to-grave'" cost (the cost of its entire life cycle). These program
elements are the basic building blpcks at the decision-making level of the
programming process within the Department of Defense.
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Total System Cost is the level of cost pertaining to a particular period
within the life of a system and is normally referred to as the ''n-year
system cost' of that system.

Within the life of each system (or program), various assigned tasks and
missions will be performed and will have certain costs allocated to them.
To each mission (or task) can be assigned the particular cost of performing
that mission, defined as Total Mission Cost.

By properly aggregating all the assigned missions and their attendant costs
for any system over a period of n-years, its n-year total system cost can
be determined. Expanding the operation of this system over its life cycle,
one can accumulate all the relevant costs in the total program cost of that
particular system. Integration of this total program cost with the costs of
all other military programs performing the same function results in total
force cost. These four costing concepts and the scope of aggregate cost
can be illustrated with a cost cone, a concept embodying circles at each
level to imply the general magnitude of one cost to another, as illustrated
in Figure 16,

SHADED AREA WITHIN EACH
LEVEL IMPLIES RELATIVE MAGNITUDE
OF MISSION COy1l WITHIN THAT LEVEL

iy —-FORCE COST

By ————— PROGRAM COST

SYSTEM COST

INCREASING LEVEL
OF COST MAGNITUDE

MISSION COST

Figure 16. Cost Cone
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Total system cost is normally the lowest level of cost considered when
comparing the costs of competing systems. In the selection of the best
approach to adequately describe the cost ramifications of automated cargo
delivery systems, the intent was to choore that method (or level) of cost
evaluation which would focus only on those costs peculiar to the cargo
delivery system. The selected approach should eliminate those facets of
cost which contribute little or nothing to the evaluation of automation of
cargo delivery within U. S. Army-type aircraft.

Total mission cost was selected as the proper methodological level for cost
evaluation.,

Selection of total mission cost was influenced by the following factors:

L. It accounts for those measurable and pertinent factors
directly attributable to the cargo delivery system as an
operating unit (aircraft plus cargo handling system).

2. It is within the proper scale of operations: certain
types of aircraft performing assigned missions (initial
deployment and resupply) and irrespective of any '"formal"
military organization such as an aviation company or air
assault division.

3. It is the lowest cost Jevel that can be logically defined
without losing the accuracy required to evaluate system
automation adequately. Only at the mission cost level can
the addition of an automated cargo handling system to an
aircraft be properly evaluated. At the higher levels of the
cost cone,the costs accrued by adding automated systems
become insensitive in comparison to the many other costs
(airfield facilities, equipment, administration, etc.).

As in the higher cost levels, the basic cost categories of research and
development, initial investment, and operations are included in total mis-
sion cost. Research and development (R&D) represents the cost of bring-
ing a new weapon system or capability to the point where it is ready for
operational use. The investment category represents the costs beyond the
development phase required to introduce a new capability into operational
use. The operating costs are the recurring costs required to man, operate,
and maintain that capability. Quite often the cost of operating a system (or
subsystem) over its expected life is more important (and often much larger)
than its investment cost. Operating costs can be crucial in the decision to
produce and deploy one system as compared with another.

A mission cost model is developed to determine (based on inputs from the

effectiveness analysis) the total mission cost of each cargo delivery system
for a given mission. Basically each total mission cost will consist of three
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primary cost elements: mission investment cost, mission operating cost,
and mission loss cost. The logic flow of the total mission cost model is
depicted in Figure 17. It is diagrammed in this manner to denote the various
elements of costs and their relation to the total.

The inputs required (from the effectiveness analysis) to perform the cost
analysis function are:

1. Type of mission.

Zn Type of aircraft.

3. Type of cargo handling system.

4, Type and load of cargo.

5. Total flying time required by cargo type Y.
6. Total ground time required by cargo type Y.
7. Total number of operating days per mission

and the length of the operating day.
8. The cargo delivery system availability factor.

9. The average number of operating aircraft required
per mission by cargo type Y.

10, Total number of cargo delivery systems lost during
the mission by cargo type Y.

Each cargo delivery system is composed of an aircraft and its cargo han-
dling system. For this analysis, it is assumed that the R&D of each of

the four aircraft has been written off and will not be charged to the mission.
Each aircraft will be charged only its investment cost, herein defined as
unit flyaway cost plus initial support cost. For those cargo handling sys-
tems requiring development, an additional cost increment will be included
in its investment cost. The invest 1ent costs for both the aircraft and cargo
handling system are utilized in total and are also prorated over their
respective useful lives. The operating cost of each cargo delivery system
is comprised of four factors: operating cost per flight hour, operating cost
per ground hour, operating cost per operating day, and operating cost per
ton (of cargo) loaded. This discrete breakdown is necessary because of the
narrow scope of this particular study. '

The underlying philosophy of this cost allocation hypothesis is as follows:

the basic unit of time is the operating day during which the mission is per-
formed. The operating day (for any cargo delivery system) is comprised
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of flight time and ground time (Figure 18). During the ground time phase

of the operating day, the cargo delivery system loads and discharges cer-
tain types and amounts of cargo, a function which consumes labor and
materiel. This is true for all airland missions and for the loading phase of
the airdrop missions. Since the cargo discharge time of the airdrop missions
is relatively small, only the materiel cost is considered. During the in-flight
portion of each mission, each aircraft is charged with its POL and materiel
expenditures. Allocating the investment cost and personnel cost of the cargo
delivery system over each operating day is similar to commercial business
techniques, in which transportation modes plus their operating personnel

are costed on a per-day basis, regardless of their utilization. In summary:
each mission is charged a prorated cost of procuring the transportation re-
quired to perform the mission; to this is added the cost of the losses incurred
during the execution of the mission and the operating costs, which are depend-
ent on flight time, ground time, cargo loaded, and operating days; total
mission cost results.

For any cargo type (Y), the mission cost of any cargo delivery system
can be described by the following equation:

My = Ipy * Opy * Lpy (18)
where

M, =  total mission cost for cargo type Y.

ITY =  total mission investment cost for cargo type Y.

OTY =  total mission operating cost for cargo type Y.

LTY =  total mission loss cost for cargo type Y.

The total mission investment cost is determined *hrough the relationship
between the amortized investment costs, number £ operating days required,
average number of careso delivery systems required, and system availability,
and can be expressed as

Ity = Yopa*lopc [(TT/ Top! (Ary - ApLy/2) (P )] (19)
where
IODA = amortized aircraft investment cost per operating

day, comprised of the unit flyaway cost and unit
initial support cost of each aircraft.
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FLIGHT
GROUND
TIME (1) TIME
AiRLAND
DUCTIVE TIME
TOTAL | TOoTAL
TIME
TIME (2) AIRDROP

7

(1) All cargo loading and unloading performed
in this period.

s

(2) All cargo loading performed in this period.

(3) Cargo discharged during this
period of total flight time.

Figure 18. Operating-Day Concept for any 24-Hour Period
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REpE

I = amortized cargo handling system investment cost per
ODC . ; .
operating day, comprised of a unit research and develop-
ment cost (if any), unit flyaway cost, and unit initial
support cost.

[(TT/ Top) A1y - ALy/2) (P)]

|
=  term denoting the number of aircraft-operating days

required to perform the assigned mission by cargo
type Y.

The total mission operating cost is comprised of four rate functions, as
follows:

- 1 -
Ory = |Opp)Tpy)| *|(©OopHT 1/ Top)lary - ALY/Z)(P)] +
(20)

- - -~

(O NCry) |+ _(OGH)(TGY)]

where

OFH =  operating cost per flight hour: the sum of the
aircraft POL cost/flight hour and the aircraft
recurring parts cost/flight hour.

OOD = operating cost per operating day: the sum of the
daily costs of the flight crew, aircraft maintenance
crew, and cargo handling system maintenance crew,

OTL = operating cost per ton loaded: the sum of the cost
of labor and materiel expended in the special cargo
preparation required by some cargo handling systems.

OGH = operating cost per ground hour: the sum of the cargo

handling system recurring parts cost, the loading/
unloading labor cost, the ancillary ground handling
equipment cost; all of which are amortized per unit
of ground-hour operation by cargo type Y.

The total mission loss cost represents the cost of replacing those cargo
delivery systems lost in the performance of the designated mission. It is
a function of the investment cost per cargo delivery system and the expected

losses per mission.

Ly = (Apy)(F) (Ip) (21)
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where

(ALY)(F) = term defining the number of cargo delivery
systems lost while delivering cargo type Y.
In = the unit investment cost per cargo delivery

system:; the sum of the aircraft unit invest-
ment cost (IDA) and the cargo handling sys-
tem unit investment cost (IDC).

From the investment, operating, loss, and total mission costs for each

cargo type Y, the appropriate costs may be determined for the total cargo
quantity CT by using the following equation:

o\ = zlpy (22)
Or = £Ory (23)
L = zbhpy (24)
M = sMy =3l * 500y + zLopy (25)

Costs are first calculated by cargo type Y, then summed for the total
mission cargo CT for each combination of cargo handling system, aircraft,

weight and balance system, and delivery mode.

To perform the cost analysis, the following sequence should be followed.
1. Select aircraft type.
21 Select cargo handling system type.

8. Input unit flyaway cost of aircraft (less any cargo
handling system).

4, Input proper initial unit support factor to determine
aircraft unit investment cost (IDA).

5., Determine the useful combat life of the aircraft in
operating days.

6. Amortize the unit aircraft investment cost over its

expected useful life (IODA)'
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11.

12.

13.

14.

5

l6.

1.7

18.

19,

20.

21.

22,

Input unit research and development cost of the cargo
handling system (CHS).

Input unit flyaway cost of the CHS.
Input proper initial unit support factor for the CHS.

Derive the composite unit investment cost per CHS
by summing 7, 8, and 9 (IDC).

Determine the useful combat life of the CHS.

Amortize the unit CHS investment cost over its
expected useful life (IODC)'

Derive the cargo delivery system investment cost by
summing 4 and 10 (ID).

Input proper mission fuel consumption, based on
delivery mode selected.

Determine the mission POL cost per flight hour,
based on standard POL rates.

Input aircraft replenishment spares/parts cost
per flight hour.

Derive the composite operating cost per flight hour
by summing 15 and 16 (OFH).

Input number (and types if possible) of personnel per
flying crew.

Input number of maintenance personnel required per
unit aircraft.

Determine the number of additional maintenance
personnel required to maintain the CHS (on a per cargo
delivery system basis).

Determine the pay and allowance cost per aircraft day
(including flight pay where applicable), based upon the
manpower requirements estimated in 18, 19, and 20

(Oop!-

Determine the cargo preparation cost per ton loaded
for each combination of aircraft, CHS, delivery mode
(airland or airdrop), cargo type, and load type (OTL).
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23, Determine the CHS replenishment parts cost per
unit of operating ground time.

24, Determine the total unloading/loading labor cost
per unit of operating ground time.

25. Determine the cost of any ancillary ground support
equipment (if any) per unit of ground operating time.

26. Derive the composite operating cost per ground time
by summing items 23, 24, and 25 (OGH).

27. Store results of steps 6, 12, 13, 17, 21, 22, and 26
by cargo type Y for combination with outputs from
the effectiveness analysis.

28. Calculate ITY’ OTY’ LTY’ and MY for each cargo

type included in the composition of CT (equations 19,

20, 21, and 18). Store the results for further summation.

29, Calculate IT’ OT’ LT, and M for the total cargo quantity

CT (equations 22, 23, 24, and 25).

30. Repeat the entire calculation sequence for each cargo
delivery system to be evaluated for all combinations
of aircraft, weight and balance system, and delivery
mode.

The task of structuring a cost model to describe adequately all of the
complex interrelationships between subelements is a function of adequate
historical field and test data, particularly in the area of various cargo han-
dling systems. The limitations of any cost approach should be recognized
when final decisions are made.
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INTEGRATION OF EFFECTIVENESS AND COST

The techniques explained in the following paragraphs are designed to
illustrate and aid in the analysis of

1. The absolute values of the cost and effectiveness measures
as the degree of cargo handling system automation increases.

2. The relative changes in cost and effectiveness as the degree
of automation increases.

3. The relationship between cost and effectiveness as the degree
of automation increases.

These goals are achieved primarily by trend plots and percentage return
plots that are plotted versus the automation index and the percentage in-
crease in automation index, respectively. All graphical analysis is sup-
ported by tabular data. The position of the integration function in the over-
all flow of the analysis is shown in Figure 19. This figure will also serve
to review the analysis before proceeding.

Figure 20 illustrates the general form of the trend analysis plots. None of
the curves is cumulative because the graphs are intended to show absolute
trends. Effectiveness is shown for both the total mission cargo and for each
cargo type to aid in exploring causal relationships. Operating, investment,
and loss costs are shown in addition to total mission cost for the same
reason. In cases where the automation index is almost the same for all
cargo handling systems, as in handling vehicles and men for the deployment
mission, bar charts are used to achieve the same comparisons as trend
plots.

Percentage return plots similar to those illustrated in Figure 21 show both
the relative changes and the relationship between cost and effectiveness as
the degree of cargo handling system automation increases. The percentage
changes in effectiveness, cost, and automation index are all calculated by
the following formula:

= 100 X System 'X'" Value - Manual Value
Manual Value

% Change

Percentage changes are tabulated for all missions, but are graphed only for
the resupply missions where the spread of automation indexes permits.

In region A of Figure 21, effectiveness is increasing and cost decreasing.

At the right of region A,cost is a minimum. In region B, effectiveness
continues to increase while cost has passed its minimum point and is rising.
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